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Previous studies have demonstrated that psittacosis virus would infect, but 
not multiply in,  cells of minced chick embryo tissues which  had been  main- 
tained for from 11 to 14 days in a  simple medium of inorganic salts and glucose 
(1,  2).  This latent infection was maintained up  to  15  days after inoculation, 
the period of survival of chick embryo ceils under  these rigorous conditions, 
and active viral multiplication could be induced in such  cultures at any time 
during  this  period  by  the  addition  of  various  embryo  extracts  or  synthetic 
medium 199 of Parker (3). The present experiments were carried out to eluci- 
date the  substances in medium  199  which  were essential for  the initiation of 
psittacosis  virus  multiplication  in  experimentally  induced  latent  infections 
in chick embryo tissue cultures. 
Materials and Methods 
Virus.--The virus used was the 6BC strain of psittacosis virus,  originally obtained from 
Dr. K. F. Meyer and repeatedly passaged in eggs by the yolk sac route. A uniform  virus 
suspension was prepared as described in the companion paper (2). The standard virus suspen- 
sion was diluted in Hanks's balanced salt solution  (4)  to provide a  final concentration of 
10  z'° to 103"° LDs0 per ml. in the fluids used to infect the tissue cultures. 
Tissue Cultures.--~ssue cultures were  prepared in a  manner similar to  that  described 
previously (1, 2) in which 9- to 10-day-old chick embryos were minced, washed several times 
in Hanks's balanced salt solution containing 0.0125 mi. of a  1.4 per cent sodium bicarbonate 
solution per ml., then planted with perforated ceUophane discs  in 10 ml. Erlenmeyer flasks. 
The culture fluids consisted  of 1.8 ml.  of Hanks's balanced salt solution  (BSS) containing 
0.025 ml. of 1.4 per cent sodium  bicarbonate per ml. All cultures were incubated at 36°C. 
Fluids were completely changed after 24 hours and every 4 days thereafter. 
The cultures were infected on the 13th day of cultivation, culture fluids removed for titra- 
tion, and fresh medium added on the 14th, 18th, and 22rid days. Virus titers of nutrient fluid 
were  determined, using  7-day-old embryonated eggs following the  method  of  Golub  (5). 
Titers were  expressed  as the log10 of the LD0+ for embryonated eggs. 
At the end of the experimental period, culture fluids were removed  and replaced with 3 
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765 TABLE  I 
Compounds Present in Synthetic, Media Teated in Cultures Maintained 
in a Nutritionally  Defic~'nt Salt Solution 
Medium 199 
Croup I  ra&./l~,r* 
L-Arginine ....................  70 
r.-Histidine ....................  20 
L-Lysine  ......................  70 
DL-Tryptophan ................  40 
L-Tyrosine ....................  20 
DL-Phenylalanine ..............  50 
,.-Cystine .....................  20 
DL-Methionine .................  30 
DL-Serine .....................  50 
DL-Threonine ..................  60 
DL-Leucine ....................  120 
DL-Isoleucine  ..................  40 
DL-Valine .....................  50 
nL-Glutamic acid ..............  150 
DL-Aspartic acid ...............  60 
DL-Alanine  ....................  50 
DL-Proline ....................  40 
L-Hydroxyproline ..............  10 
Glycine  .......................  50 
Croup 1I 
Adenine .......................  I0.0 
Guanine ......................  0.3 
Xanthine .....................  0.3 
Hypoxanthine .................  0.3 
Thymine .....................  0.3 
Uracil ........................  0.3 
Croup III 
Thiamine .....................  0.010 
Riboflavin ....................  0.010 
Pyfidoxine  ....................  0.025 
Pyridoxal .....................  0.025 
Group III.-.¢onrd.  rag.lUte,* 
Niacin ........................  0.025 
Niacinamide ...................  0.025 
Pantothenate ..................  0.010 
Biotin .........................  0.010 
Folic Acid .....................  0.010 
Choline .......................  1.500 
Inositol .......................  0.050 
p-Amino benzoic acid ...........  0.050 
Group IV 
Vitamin A .....................  0.10 
Calciferol ......................  0.10 
Menadione ....................  0.01 
Tocopherol phosphate ...........  0.0! 
Tween 80 ......................  20.0 
Cholesterol ....................  0.20 
3roup  V 
Ascorbic Acid ..................  0.05 
Glutathione ....................  0.05 
Cysteine ......................  0.10 
~oup VI 
Sodium acetate .................  50 
T.-Glutamine ...................  100 
Fe  (NO8)3 .....................  0.1 
~oup VII 
ATP ..........................  10.0 
Adenylic acid ..................  0.2 
Ribose ........................  0.5 
Desoxyribose ...................  0.5 
Other media tested 
Medium 635  =  199  minus  Groups  II,  VII.  Cysteine,  260  mg./liter  and  ascorbic 
acid, 50 reg./liter added. 
Medium 697  =  635  plus coenzyme  concentrate,  10  reg./liter  (Armour  Co.) 
Medium A  =  Groups  I,  HI,  V  and  cysteine,  260  reg./liter  and  ascorbic  acid, 
50 reg./liter. 
Medium B  =  Group I. 
MecUum C  ~  Groups  III,  V  and  cysteine,  260  reg./liter  and  ascorbic  acid, 
50 gm./liter. 
Medium D  =  Groups I, III. 
*  All solutions  were brought to final  volume using inorganic salts  and glucose, according 
to Morgan, Morton, and Parker (3). 
766 KARL M. JOHNSON  AND HERBERT  R. MORGAN  767 
nal. of a 1:1 mixture of ether and 95 per cent ethanol in order to fix the cells adhering to the 
cellophane discs. The discs were subsequently removed, stained by a  modification of the 
Papanicolaou technique (6), and observed microscopically  for number and quality of cells and 
for psittacosis viral inclusion bodies. 
Materials tested.--The chemically defined medium 199 (3), kindly supplied by Dr. R. C. 
Parker,  served as the basic test medium employed throughout  these experiments. Certain 
other media were obtained from Dr. Parker and  additional media were prepared, using  the 
concentrations, sources of chemicals, and  directions suggested by him. The  various media 
used are listed in Table L All media were sterilized by filtration and stored before use in the 
dark at room temperature. 
Colchicine used in these experiments was prepared by adding 0.2 nal. of a sterile colchicine 
solution (Parke, Davis and  Co., Detroit)  containing 0.5 rag. per nal. to  19.8 nal. of sterile 
BSS without bicarbonate. This stock solution was diluted 10  -t in the culture fluids to achieve 
a final concentration of 0.000S nag. per ml., which had been shown to suppress cellular multi- 
plication (1). 
EXPERIMENTAL 
The Action of Medium 199  on Growth  of Psittacosis  Virus.--Synthetic  me- 
dium  199  (3)  was effective in stimulating multiplication of psittacosis virus in 
cultures  previously made  deficient  by  13  days' incubation  in  BSS  (Fig.  1). 
The amounts of virus produced were roughly comparable to those obtained by 
Hare and Morgan (1)  following stimulation with natural media. Throughout 
these and all succeeding experiments,  several flasks were maintained as con- 
trols in BSS alone, following infection with the virus, to ensure that the tissue 
was not capable of producing measurable amounts of new virus in the absence 
of the stimulatory media. 
Comparison  of the Actions of Media 199 and 635 on Virus Growth.--The an- 
nouncement by Parker et al.  (7)  that a  new medium 635  was more effective 
than  No.  199  in  promoting  the  long  term  survival  of  mouse  fibroblasts 
prompted  comparison  of  the  two  media  for  ability  to  stimulate  psittacosis 
virus growth. It should be observed that the purpose of Parker's work was to 
develop a  synthetic medium capable of supporting growth of tissue cultures 
indefinitely,  whereas the  present experiments were designed  to elucidate  the 
minimum number of substances essential to the stimulation of virus growth in 
short term experiments. However, because of the generally held concept that 
in vitro multiplication of animal viruses is optimal in cells with high metabolic 
activity, it was felt that before the various components of any medium were 
analyzed  for  virus-stimulating  capacity,  the  most potent  complete medium 
should be ascertained. 
The typical experiment portrayed in Fig. 1 compares the effects of Nos. 199 
and 635, in the presence of 0.0005  nag. per ml.  of colchicine,  on virus multi- 
plication when the test materials were added at the time of virus inoculation 
and renewed only on the following day. 
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treated with medium 199. This large increase was the result of two basic alter- 
ations in No.  199. The purines,  pyrimidines,  pentose  sugars,  adenosine,  ade- 
nylic acid, and ATP were eliminated,  and increased amounts of cysteine, glu- 
tathione, and ascorbic  acid were added to arrive at medium 635  (Table I). 
Comparison  of the Effects of Media 635 and 697 on Virus Growth.--The dis- 
covery by Healy, Fisher,  and Parker  (7)  that No.  635  supplemented by a 
coenzyme  concentrate containing diphosphopyridine  nucleotide  (DPN),  tri- 
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FIG. 1. Comparison of stimulation of viral growth by medium 199 and medium 635 in 
hick embryo tissues  cultivated  in BSS for 13 days  and infected  with psittacosis virus (6BC). 
C 
phosphopyridlne nucleotide  (TPN),  and coenzyme A allowed prolonged  sur- 
vival of cultures of the L strain of mouse fibroblasts  (8) prompted comparison 
of this medium, No. 697, with No. 635 in the stimulation of psittacosis virus 
multiplication. Tested over the usual 9 day period in 13-day-old cultures of 
minced chick embryo tissue  grown in BSS, there was only a slight difference 
between the two media in their ability to promote virus growth (Table II). 
It may be  concluded,  therefore,  that these coenzymes,  despite their recog- 
nized importance in several  reactions  involved  in the production of energy 
for protein synthesis in animal cells, need not be added to nutritive media in 
this experimental  system. In one  theoretical aspect this is  quite fortunate, 
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of  purity  was  such  that  small  quantities  of  unknown  substances  were  in- 
evitably added to the cultures. 
Fractions of Medium 635.--Having determined that medium 635 gave opti- 
mal results, three variations of this nutrient solution were prepared and tested 
in an attempt to identify the substances essential to the stimulation of virus 
multiplication. In addition to inorganic salts and glucose, these media contained: 
amino acids and water-soluble vitamins (medium A), amino acids alone (me- 
dium B), and water-soluble vitamins plus cysteine and ascorbic acid (medium 
C). 
TABLE II 
The Virus-Stimulatlng Capacity of Synthetic Media 635 and 697 
Treatment 
Balanced salt solution 
Synthetic medium 635 
Synthetic medium 697 
Virus titers* 
Day ol cultivation 




14  18 
0.2  <0.1 
<0.1 
0.2~  3.8 
3.8 








* Virus titers are expressed as the log10 of the LDs0 for embryonated eggs. 
J: Stimulating material added. 
Each of these media was added to several cultures in the presence of col- 
chicine. Medium A  was capable of stimulating  virus multiplication to levels 
similar to those produced by No. 635 (Table III, Fig. 1). Thus the fat-soluble 
group of vitamins and other substances apparently play no essential part in 
the early multiplication of virus induced in deficient cells.  Either of the two 
major groups of substances in medium A, namely, amino acids (medium B) or 
water-soluble vitamins  (medium  C),  when tested separately, were much less 
active in stimulating  virus growth  (Table III). However, they did allow for 
significant  virus  growth  when  compared  with  the  controls  and  thus  either 
amino  acids  or  water-soluble  vitamins  alone  allowed  the  depleted  cells  to 
support limited proliferation of virus. 
Microscopic examination of stained tissues from these cultures revealed only 
sparse numbers of cells, many of which appeared rather vacuolated and some- 
what  pyknotic.  Although  viral  inclusion  bodies  were  seen  in  almost  every 
instance,  no significant differences in  either number or character of cells or 770  LATENT VIRAL INFECTION 0~" CELLS IN VITRO 
viral inclusions between flasks tested with different synthetic media could be 
noted, in contrast to the observations of Hare and Morgan (1),  who were able 
to correlate roughly the number and morphological appearance of cells  with 
virus-stimulating ability when using media containing natural substances in a 
similar experimental system. In these studies, the one valid criterion of stimu- 
latory capacity of synthetic media would seem to be the quantity of psittacosis 
virus produced during the test period. Staining and observation of cells on the 
TABLE III 
The  Virus-Stimulating  Capacity  of  Various  Fractions  of Synthetic  Medium  635 
Treatment 
Balanced salt solution 
Medium A: amino acids, 
water-soluble  vitamins 
and reducing agents 
Medium B: amino acids 
Medium C: water-soluble 








Day of cultivation 
Microscopic  examination 
14  __<lg.O  1  22 
<0.1  0.3  <0.1 
<0.1 
<0.1  <0.1 
<0.15  4.11  4.5 
3.4  4.0 
3.9  3.9 
<o.15  1.6  1.5 
1.3  1.0 
1.8  1.2 
<0.15  1.2  O.9 
1.5  1.1 
0.8  1.2 
Remarks 
Sparse  layer fibroblasts, 
some cells rounded, vac- 
uolated. 
Slightly fewer cells than 
above. Moderate num- 
ber infected cells. Many 
cells rounded. 
Similar  to  medium  A 
above. 
Similar  to  medium  A 
above 
* Virus titers are expressed as the log10 of the LD~0 for embryonated eggs. 
5 Stimulating material added. 
cellophane discs were continued, however, to be sure that at least some living 
cells were present at the end of each experiment. 
The Action of Cysteine, Glutathione,  and Ascorbic Acid on Virus Growth.--The 
superiority of medium 635  over medium  199  in  promoting cell  growth was 
thought to be due both to the deletion of certain toxic components and to the 
addition of more cysteine and ascorbic acid.  To test  the possibility that the 
lowered  redox  potential  induced  by  these  latter  compounds might  in  itself 
allow some virus multiplication to proceed, cysteine, glutathione, and ascorbic 
acid in the concentrations employed in medium 635  were added to BSS and 
this medium tested.  Several flasks were used with uniformly negative results 
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were next tested without  cysteine, glutathione,  or ascorbic acid  (medium D), 
and virus multiplication was found to be comparable (Table IV) to that ob- 
tained in their presence (medium A). 
Finally,  the hypothesis that  the  concentrations  of the  three reducing  sub- 
stances used might  either be cumulatively  toxic  to  cells or in  some manner 
result in mutual antagonism when the fat-soluble vitamins were removed from 
TABLE  IV 
Tke  Virus-Stimulating  Capacity of Synthetic Media  Containing Variations in Cysteine, 
Glutathione, and Ascorbic Acid 
Treatment 
Balanced salt solution 
Medium A: amino acids, water-soluble vitamins  and 
cysteine, glutathione, and ascorbic acid 
Medium D: amino acids and  water-soluble vitamins 
Amino acids, water-soluble vitamins and cysteine 
Amino acids, water-soluble vitamins and glutathione 
Amino acids, water-soluble vitamins and ascorbic acid 
Virus Titers* 






































--, No test. 
* Virus titers are expressed as the log10 of the LD60 for embryonated eggs. 
:~ Stimulating material added. 
the medium was tested by preparing three different media. Each contained, in 
addition  to BSS,  the amino acids and water-soluble vitamins and one of the 
three  reductants.  There  were  no  significant  differences among  any  of  these 
media, nor did  the  presence or absence of all  three  substances  (medium D) 
appreciably alter the pattern of virus multiplication (Table IV). 
Thus cysteine, glutathione, and ascorbic acid were not capable of stimulating 
virus growth  alone.  In media  containing  large numbers  of amino  acids  and 
water-soluble vitamins, these compounds were not essential to the growth of 
psittacosis  virus,  either  as  reducing  agents  or,  in  the  case  of  cysteine  and 772  LATENT  VIRAL  INFECTION OF  CELLS  IN  VITRO 
glutathione, as essential substrates in reactions leading to the synthesis of new 
virus. 
DISCUSSION 
As shown in earlier publications,  susceptible  chick embryo cells in vitro  are 
incapable  of supporting  the multiplication of psittacosis  virus until certain 
materials are added to the experimental  system (1,  2).  The present studies 
confirm  these  findings  and provide  some  evidence  as  to  the nature of the 
factors essential to virus multiplication in such a system. 
The parallelism between those substances  found by Parker's group (3, 7) to 
promote  cell  growth and  the  ability of  these  materials  to  stimulate virus 
production in deficient  cells is  quite striking and serves  to  strengthen the 
general conviction  that viral multiplication in vitro  is optimal when the bio- 
logical activity of susceptible cells is high. The elimination of the purines and 
pyrimidines,  adenylic acid, the pentose sugars, and ATP from medium 199 to 
form medium 635  resulted in better growth of the L  strain of mouse fibro- 
blasts (7) and a marked increase in virus multiplication in these experiments. 
Such  deletions  with  resultant  enhancement of viral growth would suggest 
that one or more of the substances  removed was exerting a toxic effect upon 
the cell-virus complex. Indeed, Healy, Fisher, and Parker (7) have shown that 
at the concentrations used adenine,  guanine,  thymine, uracil,  and adenosine 
are all toxic to L cells. 
This should not be taken to mean, however, that purines  and pyrimidines 
play no role  in the formation of psittacosis  virus. Desoxyribonucleic  acids, 
which contain large amounts of these substances,  have definitely been shown 
to be present in the closely related meningopneumonitis  virus, Crocker  (9). 
Furthermore, Morgan (10) was able to show that several purine and pyrimidine 
analogs could inhibit the growth of psittacosis virus in embryonated  eggs, and 
that the appropriate parent compound easily reversed  this effect. Since virus 
synthesis, in the particular deficient system described, is excellent when purines 
and pyrimidines are not added externally, either cellular reserves are sufficient, 
or  the infected cells are  capable  of making these  compounds  from various 
carbon and nitrogen sources supplied in the extracellular fluid. 
Certain differences between conditions found optimal for cellular prolifera- 
tion by Parker and those which  best promote virus multiplication in these 
experiments also deserve discussion. In the absence of precise knowledge as to 
the modes of action and the relative importance to cells grown in vitro of such 
compounds as fat-soluble vitamins and the biological reductants, it is impossible 
to list a group of reactions  essential  to the cells that are not essential  to the 
multiplication of psittacosis  virus.  The fact  that these  compounds  are  not 
required  in the situation described,  however, shows either that they are still 
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of virus.  Synthesis of psittacosis virus, which occurs over a  relatively short 
period of time in each cell, appears to depend primarily upon the availability 
of the amino acids and upon the presence of water-soluble vitamins that serve 
as coenzymes in various biochemical reactions. However, fat-soluble vitamins 
and the reducing agents would appear to be important in the intricate relation- 
ships that must be sustained for the long term survival and multiplication of 
cells. 
As for the amino acids and vitamins which are essential to multiplication of 
psittacosis virus in deficient chick embryo cells,  the very low titers observed 
when  either amino  acids  or vitamins are added separately and the marked 
increase that results from their combination, indicate that  these substances 
are present in very low concentration or in limiting amounts in deficient cells. 
Augmentation of either the coenzyme (vitamin) or the substrate (amino acid) 
levels  allows  some  virus  to  be  formed,  but  providing both  give  maximum 
stimulation of the reactions necessary for virus multiplication. 
Furthermore, it is of interest that the amino acids and water-soluble vitamins 
found by Eagle (11)  to be essential for the cultivation of a human carcinoma 
cell strain (Hela) and the mouse cell strain (L) are included in the media that 
are effective in stimulating the growth of psittacosis virus. 
The optimum concentration of each  of the essential compounds for viral 
growth remains to be studied. It is possible, even probable,  that some sub- 
stances are at too low and others at too high levels for the maximal stimulation 
of virus growth. With regard  to similar problems in  cell nutrition in  vitro, 
Kieler (12)  used  chick embryo fibroblasts maintained in a  dialyzed plasma 
medium to study the effect of various amino acids on  mitotic  activity.  He 
observed that methionine had optimal stimulatory power at a  concentration 
of 10 rag. per 100 ml. of medium, more than three times the amount used in 
the  present  study.  Kieler  also  observed  that  glutamic and  aspartic  acids, 
effective when used  separately,  exhibited  interference when  present  in  the 
same medium (13). 
The finding that amino acids and water-soluble vitamins are essential to 
psittacosis virus multiplication in chick embryo tissue previously made defi- 
cient in a  solution containing only glucose and inorganic salts provides some 
clues to the biochemical mechanisms involved in production of the virus. The 
list of amino acids and vitamins at present considered essential is very large. 
Various combinations of these substances are being tested in an effort to de- 
lineate more precisely the essential compounds. 
These experiments have shown that a  mixture of amino acids and water- 
soluble vitamins can convert a latent infection with psittacosis virus in these 
deficient cells  to a  process of active viral proliferation, thus providing addi- 
tional evidence for the importance of nutritional factors in such a  change. A 
change in the nutrition of these cells, involving these amino acids and water- 774  LATENT VIRAL INFECTION OF CELLS IN VITRO 
soluble vitamins, has transformed a latent, undetectable viral infection (2) to 
an active infection in vitro. 
SU~c~RY 
When chick embryo tissues cultivated for 13 days in Hanks's balanced salt 
solution (BSS) were infected with psittacosis virus (6BC), they did not support 
active  viral  multiplication until  synthetic medium  199  of  Parker  (3)  was 
added. By testing various combinations of the substances in this and other 
synthetic media, it was found that the minimum number of compounds required 
to  effectively stimulate virus growth in the presence  of BSS  comprised the 
amino acids and water-soluble vitamins found in medium  199.  Addition of 
either amino acids  or water-soluble vitamins alone to BSS  resulted in only 
slight stimulation of viral proliferation. 
Many constituents of the synthetic media were found not to be essential to 
the stimulation of viral multiplication. The following substances added to a 
medium containing amino acids and water-soluble vitamins in BSS failed to 
increase the quantity of virus produced: diphosphopyridine nucleotide (DPN), 
tfiphosphopyridine nucleotide (TPN),  coenz~me A,  the fat-soluble vitamins, 
ribose sugars, and three biological reducing agents: cysteine, glutathione, and 
ascorbic acid. Among other substances that proved to be not essential a group 
of purines and pyrimidines present in medium 199 were found to be probably 
toxic to cells in the concentrations used, since virus titers were lower in media 
containing these compounds than in those from which they were absent. 
A change in the nutritional status of these cells involving amino acids and 
water-soluble vitamins has thus permitted to transform a latent, undetectable 
viral infection to an inactive infection in vitro. 
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